Background/Objective: Little is known about the precise role of parental migrant status (MS) and educational level (EL) on adiposity and various eating habits in young children. Therefore, we assessed their independent contribution in preschoolers. Subjects/Methods: Of 655 randomly selected preschoolers, 542 (5.1 ± 0.6 years; 71% of parental MS and 37% of low parental EL) were analysed. Body composition was measured by bioelectrical impedance. Eating habits were assessed using a semiqualitative food frequency questionnaire and analysed according to five messages developed by the Swiss Society for Nutrition, based on factors implicated in childhood obesity: (1) 'Drinking water and decreasing sweetened drinks', (2) 'Eating fruit and vegetables', (3) 'Decreasing breakfast skipping', (4) 'Reducing fatty and sweet foods' and (5) 'Reducing the intake of meals and snacks in front of television'. Results: Children of migrant and low EL parents had higher body fat, ate more meals and snacks while watching television and had more fruit and fatty foods compared with their respective counterparts (all Pp0.04). Children of low EL parents also consumed less water and vegetables compared with their counterparts (all Pp0.04). In most instances, we found an independent contribution of parental MS and EL to adiposity and eating habits. A more pronounced effect was found if both parents were migrants or of low EL. Differences in adiposity and eating habits were relatively similar to the joint parental data when assessed individually for maternal and paternal MS and EL. Conclusions: Parental MS and EL are independently related to adiposity and various eating habits in preschoolers.
Introduction
The main causes attributed to the worldwide increase in childhood obesity are a decrease in physical activity, an increase in media use and unfavourable changes in eating habits (Ekelund et al., 2004) .
Regarding the latter association, many prospective studies in children have found a positive association between body weight and the intake of caloric beverages (Forshee et al., 2008) . Healthy diet recommendations include the promotion of fruit and vegetables (Munoz et al., 1997) . However, although they have been related to a lower body mass index (BMI) in most adult studies (Tohill et al., 2004) , this relationship may be less clear in children (Field et al., 2003) . The risk of being overweight or obese is higher among children who skip breakfast (Wolfe et al., 1994) , and a higher BMI has also been associated with an increased intake of fatty foods, such as high-energy snacks, and of sweets (Nicklas et al., 2003; Bowman et al., 2004) .
Furthermore, watching television (TV) and/or eating and snacking during TV time can contribute to overweight and obesity through an increase in caloric intake (decrease in satiety and/or influence of advertised foods on food choices) and inactivity, and possibly a decrease in physical activity (Coon and Tucker, 2002; Blass et al., 2006; Dubois et al., 2008) .
The prevalence of overweight and obesity is especially increased in children of migrant parents and/or of parents with low educational level (EL) (Lasserre et al., 2007; Caprio et al., 2008) . Accordingly, some unhealthy eating habits and sedentary behaviours were more frequently observed in these children (Lasserre et al., 2007; Sausenthaler et al., 2007) .
However, it remains unclear if parental migrant status (MS) and EL contribute independently to such habits and if this relationship is only observed for some selected eating habits related to childhood obesity. Further gaps include the paucity of data in young children and possible differences according to maternal or paternal MS and EL. Therefore, our objective was to assess in more detail the differences in adiposity and eating habits in preschool children according to their parental MS and EL. Our main hypotheses were that these two parameters would be independent predictors of adiposity and eating habits, and that differences would be more pronounced if both parents were migrants or of low EL.
Subjects and methods

Design and participants
In the context of a multidisciplinary multilevel lifestyle intervention in Swiss kindergarten children (Ballabeina study/clinicatrials.gov NCT00674544), we randomly selected 40 classes from areas with a high migrant prevalence (that is, X40%) in two Swiss cantons (St. Gallen, SG and Vaud, VD) (Niederer et al., 2009) . This study was approved by the cantonal ethical committees of SG and VD, and was performed in the late summer of 2008. The parents or legal representatives of each child provided written informed consent.
Of the initial 727 preschoolers, 655 consented (participation rate: 90.1%) and parents or legal representatives of 587 filled out a food frequency questionnaire. Of those, 542 children (5.1 ± 0.6 years, 51% girls) had complete data (food frequency questionnaire, media use and accelerometer data, adiposity measures, information about parental MS and EL). MS was defined as at least one parent born out of Switzerland (Ebenegger et al., 2010; Muckelbauer et al., 2010) and low EL as at least one parent with no education beyond obligatory school (9 years). Owing to school legislation, no information could be obtained about economic data in the children from VD. Within the children who consented, differences were found in parental MS and low EL between children with or without complete data (71 vs 84%, P ¼ 0.007 and 37 vs 58%, P ¼ 0.03, respectively), but no differences were found in BMI and sex (PX0.3). Regardless of parental MS or EL, children were living in the same residential areas.
Measurements
Adiposity. Standing height was determined and body weight was measured using an electronic scale (Seca, Basel, Switzerland; accuracy 0.05 kg) to calculate BMI (Niederer et al., 2009) . Then, children weight categories were established from the Swiss national percentiles (Prader et al., 1989) , as national percentiles are known to be more sensitive than the international ones (Reilly, 2002) . Adiposity included BMI, body fat and percent body fat. The latter two were calculated using a four-polar single frequency bioelectrical impedance device (RJL Systems, Model 101A; Detroit, MI, USA), based on a formula that was validated in a comparable population: Lean mass
/resistance)À0.77), with boys ¼ 1 and girls ¼ 0, age in years, weight in kg and height in cm ).
Eating habits. Eating habits were assessed using a semiqualitative food frequency questionnaire validated in an identical population within the same region (Ebenegger et al., 2010) . Parental report of preschoolers' food intake using a food frequency questionnaire has been shown to provide valid and reliable data (Huybrechts et al., 2009) .
For the analysis of the questionnaire, all the response options were recoded as daily frequencies and the answers to the respective items were summed up to correspond to the five messages and their components developed by The Swiss Society for Nutrition (http://www.sge-ssn.ch/fr/info-ecoles/ materiel-didactique/disque-de-lalimentation/propositionsdactivites-didactiques.html) and based on factors implicated in childhood obesity (Wolfe et al., 1994; Field et al., 2003; Nicklas et al., 2003; Bowman et al., 2004; Dubois et al., 2008; Forshee et al., 2008) (Table 1) .
General information. Using a general questionnaire, maternal and paternal MS were determined by the place of birth and EL as the highest grade of school completed (Niederer et al., 2009) . Further questions included media use, defined by the time spent with TV viewing and video games playing (min/day).
For both questionnaires, teachers or specific translators provided assistance when needed.
Resting activity. Activity was measured with an activity monitor (GT1M, Actigraph, Pensacola, FL, USA), which was initialized to save data in 15-s intervals (epochs) (Niederer et al., 2009) . The accelerometers were worn around the hip during 5 consecutive days. Validity was defined as at least 3 days of recording (2 weekdays and 1 day on the weekend), with a minimum of 6 h registration per day. Data from monitored days were extrapolated to the rest of the week by distinguishing weekdays and weekends and thus, mean daily activity values were calculated. Each 15-s epoch under the specific cutoff was summarized. Resting activity was defined as the amount of 15-s intervals per day spent in activities of p25 counts (Evenson et al., 2008) .
Statistical methods
Statistical analyses were conducted using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) and Stata 10.1 (Statacorp, College Station, TX, USA). Data are summarized as mean ± s.d. for normally distributed variables and as median (interquartile ranges) for skewed variables. For the analysis, parental MS and EL were categorized into two groups (at least one parent of MS or low EL vs others). According to these categories, between-group comparisons were performed separately for parental MS and EL (predictors) using mixed linear or logistic regression models for continuous (for example, adiposity, media use and eating habits) or categorical (for example, sex) outcome variables with preschool class (cluster) as random factor. In a second step, differences due to parental MS and EL were adjusted for each other. Mixed linear or logistic regression models were also used to separately assess the influence of maternal and paternal MS and EL, as well as the influence of none, one or two parents of MS or low EL on adiposity and eating habits. Both sexes were pooled for reasons of simplicity. Interactions between parental MS and EL and between maternal and paternal MS or EL were tested. Statistical significance was set at Po0.05.
Results
Characteristics of the study population Of the 386 children with at least one migrant parent ('migrant children/MS'), 315 children had a migrant mother (place of birth: 19% Portugal, 13% Albania/Kosovo, 21% other Europe (for example, Macedonia, Croatia, Czechoslovakia, Poland, Slovenia and so on), outside of Europe: 10% Africa, 9% Asia, 8% Latin America; rest o8%), 327 had a migrant father (place of birth: 17% Portugal, 13% Albania/Kosovo, 20% other Europe, outside of Europe: 11% Africa, 9% Asia; rest o8%) and 255 had two migrant parents. Furthermore, 200 children had at least one parent and 85 children had two parents of low EL.
Differences in adiposity and eating habits according to parental MS and EL
Children of migrant and low EL parents had higher media use compared with their respective counterparts (all Pp0.005, Table 2a ). In addition, children of migrant parents had higher weight, BMI, body fat and percent body fat, and spent more time in resting activities compared with children of non-migrant parents (all Pp0.04, Table 2a ). After adjustment, some differences in adiposity did not remain significant (PX0.07, Table 2a ).
Children of migrant and low EL parents ate more meals and snacks while watching TV, more fatty foods and less fruit compared with their respective counterparts (all Po0.0001, Table 2b ). In addition, children of low EL parents had a lower consumption of water and vegetables (all Pp0.03, Table 2b ). Almost all differences remained significant after adjustment (Table 2b ). Only 3% of the children skipped breakfast and no differences were found according to parental MS and EL. No sex differences were found in any of the eating habits (all PX0.07).
Differences in adiposity and eating habits increased with increasing number of migrant or low EL parents. In general, the same patterns and significances as in Tables 2a and b were observed. Some exceptions were found for differences according to parental MS: Unadjusted differences in intake of sweet foods got significant (P ¼ 0.03). After adjustment for parental EL, differences in BMI, weight status, intake of water and of fatty foods got significant (P ¼ 0.002, 0.002, 0.004 and 0.008, respectively), whereas Adiposity, eating habits and migrant children V Ebenegger et al . Water 3.00 (1.00-3.00) 3.00 (3.00-3.00) 3.00 (1.00-3.00) 3.00 (3.00-3.00) 0. differences in resting activity did not remain significant (P ¼ 0.07).
Differences in adiposity and eating habits according to maternal or paternal MS and EL Differences in adiposity and all the eating habits were relatively similar to the joint parental data when assessed individually for maternal and paternal MS and EL, and in general, differences according to maternal and paternal were also comparable (Tables 3a, b and 4a, b) . Finally, there were no interactions between parental MS and EL and between maternal or paternal MS and EL (all PX0.1).
Relationship of adiposity and eating habits
After adjustment for all studied eating habits together, differences in BMI between children of migrant and nonmigrant parents did not remain significant (P ¼ 0.2). Their differences in body fat did not remain significant after adjustment for all eating habits, height and parental EL (P ¼ 0.1), but remained significant after sole adjustment for all eating habits. Compared with children of medium/high EL parents, the higher body fat in children of low EL parents did not remain significant after adjustment for parental MS (P ¼ 0.4, Table 2a), but remained significant after adjustment for all eating habits alone.
Discussion
The purpose of this study was to assess the independent contribution of parental MS and EL to adiposity and various eating habits in preschool children.
Children of migrant and low EL parents had an increase in adiposity and media use and less healthy eating habits compared with their respective counterparts. In most instances, we found an independent contribution of parental MS and EL. A more pronounced effect was found for almost all the significant differences if both parents were migrants or of low EL. Furthermore, differences in adiposity and eating habits were very relatively similar to the joint parental data when assessed individually for maternal and paternal MS and EL. MS-and EL-related differences in adiposity were attenuated after adjustment for all eating habits.
Understanding the eating habits of preschool children is essential because food patterns are developed in early life (Hendy, 1999) . In general, young children choose to eat the foods that they are served most often and that are readily available at home (Birch and Marlin, 1982) . They are thus 
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Children of migrant and low EL parents had an increase in body fat and ate less fruit, more fatty foods and more meals and snacks in front of TV. In addition, children of low EL parents consumed less water and vegetables. Our results are in accordance with a study in older school children, which showed that parental MS and/or low EL were related to a higher BMI and some selected eating habits such as a consumption of less fruit and vegetables (Lasserre et al., 2007) . Association with fruit, vegetables and fatty food were also reported in toddlers of low EL families (Sausenthaler et al., 2007) .
We also found that the respective contribution of maternal or paternal MS and EL to adiposity and eating habits was comparable. A previous study also failed to demonstrate differences in BMI according to maternal or paternal EL (Huerta et al., 2006) . Our results pertaining to eating habits might be counterintuitive given that women typically assume the primary responsibility for the care and feeding of the children (Caprio et al., 2008) . They are also difficult to compare with the literature, as most published studies analysed either the combined role of parental MS and EL (Lasserre et al., 2007) or the sole role of mothers (Dubois et al., 2008) , but not the individual influences of mothers and fathers. Interestingly, we found a more pronounced effect if both parents were migrants or of low EL.
Watching TV can explain some of our findings. Indeed, watching TV is more prevalent in children of migrant and low EL parents (Lasserre et al., 2007) and can contribute to overweight and obesity through an increase in caloric intake (eating and snacking during TV time with lack of awareness of actual food intake and of satiety and/or influence of advertised foods on food choices) and inactivity, and possibly a decrease in physical activity (Coon and Tucker, 2002; Blass et al., 2006; Dubois et al., 2008) . In addition, it is not only associated with increased intake of high-fat and energy-dense foods, but also with a lower intake of fruit and vegetables that are normally not advertised (Coon et al., 2001) . These findings concur with our present research, in which both children of migrant and low EL parents had an increase in TV viewing time and less healthy eating habits, including a variety of factors rather than a difference in one specific nutrient or food group. Finally, our data showed moderate correlations between eating meals or snacks while watching TV and TV viewing (r ¼ 0.47 and 0.44, both Po0.0001).
As parents are mainly responsible for food purchase and preparation, our results can in part be attributed to the cost of food. Low-income families have a tendency to buy more energy-dense foods, as they provide low-cost calories (Drewnowski et al., 2004; Caprio et al., 2008) . In addition, the price disparity between the low-nutrient, high-caloric foods and healthier food options continues to grow (Caprio et al., 2008) . However, the found MS-related differences are not solely attributable to economic disparities, as they persisted after adjustment for EL. Specific beliefs and perceptions, different social norms and gaps in nutrition knowledge may also influence food purchasing and eating habits as well as adiposity (Kimm et al., 1997; Turrell and Kavanagh, 2006; Caprio et al., 2008) .
The found differences in eating habits have all been associated with overweight and obesity (Field et al., 2003;  Nicklas et al., 2003; Bowman et al., 2004; Dubois et al., 2008) . After adjustment for eating habits, differences in adiposity were attenuated, but remain significant. It might be that these habits also precede the development of overweight and obesity in these young children and it is probable that other factors such as physical activity, sleep duration or stress contribute to the found differences in adiposity (Caprio et al., 2008) .
The strengths of this study are the investigation of a large variety of eating habits in preschool children and the observation of separate contribution of parental MS and EL. In contrast to most previous studies, we also investigated the additive effect of one versus both parents and the individual contribution of mothers and fathers. In addition, children were all living in the same residential areas, excluding confounding effects due to the child's place of residence (Caprio et al., 2008) . However, there are some limitations to this study. The cross-sectional design of this study does not allow to assess clear cause-effect relationships. Furthermore, collinearity between MS and EL could represent a problem that we tried to minimize by using binomial variables. In addition, we were reassured by the fact that confidence intervals did not increase after adjustment for MS and EL, respectively.
In conclusion, differences in adiposity and various eating habits demonstrate the important and independent impact of parental MS and EL in preschool children. It would be interesting for future researches to thoroughly investigate underlying causes related to the found differences. Health promotion interventions should take into account the diversity of different eating habits in these populations, which are at especially high risk for overweight and obesity. It should also focus on education, as lower EL is independently associated with unhealthy eating habits.
